Journal  of  Forensic  and  Legal  Medicine  16  (2009)  64-66 


ELSEVIER 


Contents  lists  available  at  ScienceDirect 

Journal  of  Forensic  and  Legal  Medicine 

journal  homepage:  www.elsevier.com/jflm 


Original  Communication 

Prevalence  of  dihydrocodeine  in  hydrocodone  positive  postmortem  specimens 

Amanda  J.  Jenkins  PhD  a  *,  Eric  S.  Lavins  BS  b,  Courtney  Hunek  BS c  l 

aLake  County  Crime  Laboratory,  235  Fairgrounds  Road,  Painesville,  OH  44077,  USA 
b  The  Office  of  the  Cuyahoga  County  Coroner,  Cleveland,  OH,  USA 
c  University  of  Toledo,  Toledo,  OH,  USA 


ARTICLE  INFO 


ABSTRACT 


Article  history: 

Received  20  February  2008 

Received  in  revised  form  14  August  2008 

Accepted  16  August  2008 

Available  online  26  September  2008 


Keywords: 

Forensic  medicine 
Toxicology 
Hydrocodone 
Dihydrocodeine 


Hydrocodone  (HC)  has  received  renewed  interest  in  the  US  due  to  reported  increases  in  opiate  related 
deaths  involving  psychotherapeutic  drugs.  The  relative  contribution  of  dihydrocodeine  (DHC)  in  these 
deaths  is  unknown  since  little  testing  of  this  compound  is  performed.  The  objective  of  the  study  was 
to  determine  the  prevalence  of  DHC  in  HC  positive  decedents  and  report  the  range  of  concentrations 
detected  in  these  cases  in  order  to  evaluate  the  potential  role  of  DHC  in  the  deaths  and  determine  the 
usefulness  of  including  this  analyte  in  opioid  testing  protocols.  Specimens  were  assayed  by  liquid-liquid 
or  solid  phase  extraction  followed  by  gas  chromatography/mass  spectrometry  operated  in  the  selected 
ion  monitoring  mode.  A  multipoint  calibration  was  utilized  in  the  linear  range  2-600  ng/mL.  Accuracy 
for  HC,  DHC  and  hydromorphone  (HM)  was  101-106%  and  between  day  precision  at  160  ng/mL  between 
7%  and  11%. 

One  hundred  and  thirty  six  cases  were  identified  with  the  majority  male  (62%)  and  white  (83%).  A 
search  of  HC  positive  cases  identified  64  with  DHC  (47%).  The  range  of  HC  concentrations  was  9- 
3039  ng/mL  heart  blood  (n  =  43)  and  42-12353  ng/mL  urine  (n  =  21).  DHC  concentrations  in  these  cases 
ranged  3-243  ng/mL  in  heart  blood  and  5-1842  ng/mL  in  urine.  DHC/HC  ratios  ranged  0.00(7)-2.90  in 
blood  (n  =  43),  and  0.01-5.04  in  urine  (n  =  21)  with  16%  and  24%  of  these  cases  with  ratios  >0.50,  respec¬ 
tively.  HM  was  detected  in  only  9  HC  cases  with  the  majority  positive  in  urine. 

©  2008  Elsevier  Ltd  and  Faculty  of  Forensic  and  Legal  Medicine.  All  rights  reserved. 


1.  Introduction 

The  2005  US  National  Survey  on  Drug  Use  and  Health:  National 
Findings* 1  reported  that  6.4  million  individuals  aged  12  or  older  had 
used  prescription  type  psychotherapeutic  drugs  for  non-medical 
purposes  in  the  past  month.  Of  these,  more  than  4  million  people 
had  used  pain  relievers.  These  individuals  reportedly  obtained 
the  drugs  “from  a  friend  or  relative  for  free”  (59.8%).1  The  second 
most  common  source  was  a  physician  (16.8%).  In  recent  years  an 
increase  in  opiate  related  drug  misuse  deaths  have  been  reported 
in  many  states.2  Hydrocodone  (HC),  oxycodone  and  methadone 
have  all  been  implicated  in  these  deaths.  The  majority  of  full  ser¬ 
vice  postmortem  forensic  toxicology  laboratories  have  the  ability 
to  screen,  quantitate  and  confirm  the  presence  of  hydrocodone. 
Hydrocodone  is  metabolized  by  O-  and  N-demethylation  and  6- 
keto  reduction  to  produce  6-a  and  6-p  hydroxy  metabolites.3,4 
These  transformations  produce  hydromorphone  (HM),  norhydro- 
codone  and  hydrocodol.  The  latter  exists  as  a  stereoisomer,  the 
6-oc  isomer  is  also  known  as  dihydrocodeine  (DHC).4  The  unconju¬ 
gated  forms  of  these  metabolites  contribute  to  the  pharmacological 
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activity  of  the  parent  compound.  Since  HM  is  reportedly  the  most 
prevalent  metabolite,  especially  in  rapid  metabolizers,  and  DHC  is 
unavailable  in  the  US,  most  toxicology  laboratories  do  not  include 
DHC  in  their  opiate  menus.  The  frequency  of  detection  and  possible 
contribution  to  HC  related  deaths  is  therefore,  unknown. 

The  objective  of  the  current  study  was  to  determine  the  preva¬ 
lence  of  DHC  in  HC  positive  cases  and  report  the  range  of  concen¬ 
trations  detected  in  these  cases  in  order  to  evaluate  the  potential 
contribution  to  opiate  related  deaths  and  determine  the  usefulness 
of  including  this  analyte  in  opioid  testing  protocols. 


2.  Materials  and  methods 

The  Toxicology  Laboratory  database  at  The  Office  of  the  Cuya¬ 
hoga  County  Coroner,  Cleveland,  OH,  was  searched  for  all  HC  posi¬ 
tive  postmortem  cases  in  Cuyahoga  County  from  June  2002  to 
February  2006.  The  concentrations  of  HC,  DHC,  and  HM  were  re¬ 
corded  regardless  of  cause  or  manner  of  death.  In  addition,  demo¬ 
graphic  characteristics  including  gender,  race  and  age  were 
collated. 

Specimens  were  collected  in  sodium  fluoride/potassium  oxalate 
plastic  conical  tubes  and  stored  refrigerated  until  analysis.  The 
heart  blood  (through  the  anterior  wall  of  the  ascending  aorta) 
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and  urine  were  collected  at  autopsy  by  needle  and  syringe  with 
both  organs  in  situ.  Autopsies  were  performed  by  several  patholo¬ 
gists  within  24  h  of  receipt  of  the  decedent.  The  samples  were  ana¬ 
lyzed  by  liquid-liquid  extraction  using  a  previously  published 
procedure5  or  by  solid  phase  extraction.  In  both  extraction  proto¬ 
cols,  nalorphine  was  used  as  the  internal  standard  and  multipoint 
calibration  curves  constructed  for  each  analyte  in  the  linear  range 
2-600  ng/mL.  Coefficients  of  determination  (r2)  were  ^0.99  for 
each  drug.  A  negative  and  positive  control  at  160  ng/mL  were  as¬ 
sayed  with  each  batch.  Following  derivatization  with  n-methyl-n- 
TMS-trifluoroacetamide  (MSTFA),  the  trimethylsilyl  derivatives 
were  subjected  to  gas  chromatographic-mass  spectrometric  anal¬ 
ysis  with  selected  ion  monitoring.  All  drugs  were  identified  utiliz¬ 
ing  one  quantifying  and  two  qualifying  ions.  Accuracy  at  the 
control  concentration  was  between  101%  and  106%  for  each  ana¬ 
lyte.  Between  day  precision,  expressed  as  a  percent  coefficient  of 
variation  was  11%,  9%,  and  7%  for  HC,  HM,  DF1C,  respectively 
(n  =  10). 

3.  Results 

This  study  identified  136  HC  positive  cases.  The  majority  (62%) 
of  decedents  was  male,  and  white  (83%).  Individuals  ranged  in  age 
from  17  to  94  years  with  a  mean  age  of  51.4  years  and  a  median  of 
48.5  years.  Approximately  75%  of  positive  specimens  were  heart 
blood.  In  72  cases,  DHC  was  not  detected  in  the  HC  positive  case 
(53%).  The  range  of  HC  concentrations  in  these  cases  was  10- 
1078  ng/mL  heart  blood  (n  =  58,  mean  ±  SD,  82.9  ±151.2,  med¬ 
ian  =  37  ng/mL)  and  13-422  ng/mL  urine  (n  =  14,  76.7  ±116.8, 
median  29.5  ng/mL).  In  the  heart  blood  13  cases  had  concentra¬ 
tions  of  HC  >100  ng/mL,  while  in  the  urine  2  cases  were  >100  ng/ 
mL. 

DHC  was  detected  in  the  remaining  64  HC  positive  cases.  In 
these  cases  the  range  of  HC  concentrations  was  9-3039  ng/mL 
heart  blood  (n  =  43,  347.0  ±447.5,  124  ng/mL)  and  42-12353  ng/ 
mL  in  urine  (n  =  21,  1982.4  ±  3467.6,  343  ng/mL).  DHC  concentra¬ 
tions  in  these  cases  ranged  3-243  ng/mL  in  heart  blood 
(34.9  ±42.1,  20  ng/mL)  and  5-1842  ng/mL  urine  (242.1  ±  418.4, 
89  ng/mL).  In  the  heart  blood  26  of  the  43  cases  had  HC  concentra¬ 
tions  >100  ng/mL  and  16  urine  specimens  were  >100  ng/mL  HC. 
DHC  concentrations  were  >100  ng/mL  in  2  blood  specimens  and 
10  urine  samples.  Demographic  characteristics  between  the  two 
groups  showed  little  variability.  In  both  groups  male  gender  and 
white  race  predominated.  However,  the  mean  and  median  age 
for  the  HC  +  DHC  +  group  was  lower  than  for  the  HC  +  DHC  -  group 
at  47.9,  44.5;  54.5,  50.5  years,  respectively. 

Six  suicides  in  this  population  were  related  to  HC  intoxication. 
In  all  but  1  case  DHC  was  also  detected  (83%).  Heart  blood  concen¬ 
trations  of  HC  were  133-2234  ng/mL  with  corresponding  DHC  con¬ 
centrations  of  34-95  ng/mL.  There  were  also  31  HC  related 
accidental  deaths.  DHC  was  detected  in  21  of  these  cases  (68%). 
Blood  concentrations  of  HC  were  26-1663  ng/mL  with  correspond¬ 
ing  DHC  concentrations  of  7-243  ng/mL.  The  majority  of  these 
cases  were  multiple  drug  intoxications  (26/31). 

DHC/HC  ratios  were  calculated  for  the  64  positive  cases.  In  heart 
blood,  the  DHC/HC  ratios  ranged  from  0.00(7)-2.90,  with  a 
mean  ±  SD,  of  0.36  ±  0.65  (n  =  43)  and  a  median  of  0.16.  The  con¬ 
centration  of  DHC  in  heart  blood  was  greater  than  the  correspond¬ 
ing  HC  concentration  in  3  cases,  resulting  in  ratios  >2  (66/23;  87/ 
30;  19/9  ng/mL).  In  heart  blood,  16%  of  cases  had  ratios  >0.50  (7/ 
43).  In  urine,  the  DHC/HC  ratios  ranged  from  0.01  to  5.04,  with  a 
mean  ±  SD,  of  0.54  ±1.17  (n  =  21)  and  a  median  of  0.20.  The  con¬ 
centration  of  DHC  in  urine  was  greater  than  the  corresponding 
HC  concentration  in  2  cases,  resulting  in  ratios  >2  (1842/ 
365;322/124)).  In  urine,  24%  of  cases  had  ratios  >0.50  (5/21). 


A  review  of  the  HM  results  revealed  9  positive  cases,  a  6.6%  pos¬ 
itivity  rate.  HM  was  detected  in  the  urine  of  6  cases,  the  bile  of  1 
and  the  heart  blood  of  2  cases.  In  1  case  the  blood  HM  concentra¬ 
tion  was  19  ng/mL  with  a  corresponding  HC  level  of  2562  ng/mL 
and  DHC  155  ng/mL. 

4.  Discussion 

This  study  has  identified  the  presence  of  DHC  in  approximately 
47%  of  HC  positive  cases.  In  comparison,  HM  was  detected  in  only 
6.6%  cases.  DHC  was  more  likely  to  be  found  in  blood  compared 
with  urine  in  contrast  to  HM.  Higher  HC  concentrations  were  gen¬ 
erally  associated  with  the  likelihood  of  detecting  DHC.  The  mean 
heart  blood  HC  concentration  with  DHC  was  347  ng/nL  compared 
with  a  mean  of  83  ng/mL  in  DHC  negative  cases.  This  finding  is 
reinforced  with  the  observation  that  deaths  due  to  HC  intoxication 
were  more  likely  to  be  positive  for  DHC.  Reported  postmortem 
blood  concentrations  of  HC  associated  with  intoxication  were 
130-7000  ng/mL.4  Spiller6  reported  17  HC  intoxication  deaths  with 
a  mean  blood  HC  concentration  of  520  ng/mL  and  a  range  of  120- 
1600  ng/mL.  Concentrations  of  DHC  in  HC  related  deaths  have  not 
been  reported.  Concentrations  of  DHC  associated  with  drug  related 
death  were  of  the  order  of  1000  ng/mL.  In  the  current  study,  for  the 
majority  of  cases  the  DHC  concentration  was  lower  than  the  corre¬ 
sponding  HC  concentration  regardless  of  whether  the  matrix  was 
blood  or  urine. 

The  potential  for  postmortem  redistribution  may  affect  the  abil¬ 
ity  to  detect  drugs  depending  upon  the  site  of  collection.  Postmor¬ 
tem  redistribution  (PMR)  has  not  been  widely  reported  for  HC,  HM 
or  DHC.  Findings  for  another  opioid,  morphine,  have  been  inconsis¬ 
tent.  Gerostamoulos  and  Drummer7  failed  to  detect  significant 
PMR  of  morphine  and  its  metabolites  in  heroin-related  deaths 
but  other  investigators  have  reported  higher  central  blood  mor¬ 
phine  concentrations  compared  with  peripheral  samples.8  Drugs 
with  a  volume  of  distribution  (Vd)  >3  L/kg  are  most  likely  to  under¬ 
go  PMR.9  HC  (3.3-4.7  L/kg)  and  HM  (2.9  L/kg)  may  fall  into  this  cat¬ 
egory  but  the  Vd  of  DHC  is  reportedly  1.0-1. 3  L/kg.4  Therefore,  if 
PMR  does  occur  for  HC  and  HM,  lower  DHC/HC  ratios  would  be  ob¬ 
tained  by  measuring  heart  compared  with  a  peripheral  blood  sam¬ 
ple.  This  would  also  result  in  a  greater  degree  of  detectability  of 
these  drugs  since  concentrations  would  be  higher  in  the  central 
sample.  However,  HM  was  detected  in  only  2  HC  heart  blood  posi¬ 
tive  cases. 

It  appears  that  DHC  is  a  more  significant  metabolite  of  HC  in 
blood  than  HM.  Only  9  cases  were  positive  for  HM  in  any  matrix 
tested.  The  6.6%  positivity  rate  may  be  compared  with  that  found 
in  hair  reported  by  Moore  et  al.10  Four  of  24  HC  positive  hair  spec¬ 
imens  contained  HM  (16.6%).  The  incidence  of  HM  is  dependent  on 
the  genetic  polymorphisms  of  CYP2D6  influence  on  HC  metabo¬ 
lism.11  Approximately  7%  of  the  white  population  are  CYP2D6  poor 
metabolizers.12  The  phenotype  status  of  the  decedents  in  this 
study  was  unknown.  Even  though  the  majority  of  decedents  were 
white,  the  relatively  low  percentage  of  this  population  that  may 
have  been  poor  metabolizers  does  not  explain  the  low  incidence 
of  HM  in  HC  positive  cases.  HC  is  also  metabolized  to  norhydroco- 
done  by  CYP  3A4.  This  compound  was  not  measured  in  the  study. 
Hutchinson  et  al.11  reported  that  about  40%  of  HC  is  eliminated  by 
non-CYP  pathways. 

Generally,  low  levels  of  DHC  were  detected,  and  were  lower 
than  concentrations  associated  with  DHC  only  deaths.  Therefore, 
DHC  probably  plays  little  role  in  HC  related  deaths.  However,  con¬ 
centrations  of  DHC  in  HC  intoxication  deaths  appeared  to  differ 
with  respect  to  the  manner  of  death.  DHC  concentrations  in  sui¬ 
cides  were  lower  than  those  observed  in  accidental  deaths.  This 
finding  may  reflect  the  acute  nature  of  suicides  compared  with 
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accidental  deaths  in  which  bioaccumulation  of  drug  and  chronicity 
may  have  occurred.  Therefore,  measurement  of  DHC  may  have  rel¬ 
evance  in  assisting  in  the  determination  of  the  manner  of  death. 

In  conclusion,  this  is  the  first  report  of  blood  and  urine  postmor¬ 
tem  concentrations  of  DHC  in  HC  positive  cases.  It  appears  that 
DHC  is  a  more  common  metabolite  of  HC  than  HM.  Determination 
of  DHC  may  assist  in  the  elucidation  of  the  manner  of  death  in 
medicolegal  death  investigations. 
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